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SOLID-STATE DETECTOR 

The e l e c t r o s t a t i c  microparticle accelerator is nearly an 
i d e a l  f a c i l i t y  for  the development and testing of s ens i t i ve  micro- 
meteorite detectors. The r e s u l t s  of experiments on the  impact 
ion iza t ion  effect’ and tests of t h i n  f i l m  capaci tor  penetrat ion 
detectors indicate  behavior s i m i l a r  to the properties exhibi ted 
by semiconductor particle detectors .  These semiconductor de- 
tectors enjoy general  use i n  the f ie ld  of nuclear physics. The 
charge co l l ec t ion  mechanisms are  reasonably w e l l  understood for  
nuclear particles and the manufacturing processes have reached a 
high degree of sophis t icat ion.  Furthermore, standardized ins t ru-  
mentation has been developed for use w i t h  the basic  detector  un i t .  
For these reasons, the  poss ib i l i t y  of using a semiconductor 
junc t ion  detector as  a micrometeorite detector were examined. 

For these i n i t i a l  tests an n-type s i l i c o n  surface barrier 
diode (fabricated a t  TRW) was used. The surface barrier detector 
is constructed by evaporating a t h i n  layer  of gold (100-2000 A) 

onto high r e s i s t i v i t y  n-type mater ia l .  A d i s t r ibu ted  p-type layer  
is formed by surface s t a t e s  a t  the  in te r face  between the metal and 
the  semiconductor. A dipole  layer  is formed by posit ively-charged 
ionized donors i n  the n-type material and t h e  p-type states. The 
region which is e s s e n t i a l l y  stripped of conduction e lec t rons  is 
called a surface barrier. A deplet ion region is formsd by the  
appl ica t ion  of a reverse bias across the n-p junct ion,  m o s t  of 
the ex ten t  of which is i n t o  the n-type region. The width of t h i s  
deplet ion region is given approximately by 

0 

1 

where d is the deplet ion width i n  microns, p is r e s i s t i v i t y  of 
the  n-type material i n  ohm centimeters and V is t h e  e f f ec t ive  
reverse  bias  i n  vo l t s .  This  bias is made up of a self-bias, 
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which fo r  the  detector  used was about 1/2 vol t ,  plus the  ex- 
t e r n a l  applied voltage.  When the semiconductor detector is used 
on nuclear pa r t i c l e s ,  for every 3.5 ev of energy l o s t  by t he  par- 
t ic le  in the  deplet ion region, an ion-electron p a i r  is formed, 
and is then collected by the detector  electrodes. 
be expected tha t  the mechanism of the detector for  micrometeorites 
w i l l  be a t  a l l  similar t o  t h a t  j u s t  described f o r  nuclear particles 
because of the  tremendous difference (10 ) i n  mass of the pa r t i c l e s .  

I t  should not 

6 

In the i n i t i a l  tests the p a r t i c l e s  from the accelerator  were 
incident  on the  gold electrode (p side) of the detector  which w a s  
grounded. An Ortec preamplifier and amplif ier  (Models 101 and 
201) w e r e  used w i t h  the  detector ,  and these were ca l ibra ted  t o  
ind ica te  t o t a l  co l lec ted  charge f r o m  the detector. Bias voltage 
of 0,  10 and 30 v o l t s  were used, and the de tec tor  output was not 
found t o  depend on the  applied b i a s  voltage.  This was consis tent ,  
s ince  the 0 .5  v o l t  self-bias r e s u l t s  i n  a deplet ion depth of about 
40 microns, and t h i s  is grea te r  than the expected depth of pene- 
t r a t i o n  of the  pa r t i c l e s .  Figure 1 is a plot of s igna l  amplitude, 
normalized t o  p a r t i c l e  mass, as a funct ion of veloci ty .  The data  
has a s lope of about 3, which is the  value obtained i n  e a r l i e r  
work on impact ionizat ion.  

It  w a s  discovered t h a t  there was a s i g n i f i c a n t  f r a c t i o n  
(10-20$) of t h e  output s igna ls  from the detector  which were in- 
ver ted f r o m  t h e  expected polar i ty .  I t  is not understood a t  t h i s  
t i m e  why these occurred. 
grounded, the f r a c t i o n  of opposite po la r i ty  s igna l s  was decreased 
t o  about 3%. A l s o ,  the slope of the data when p lo t ted  as  before, 
seems t o  be about 5 ,  a s  compared w i t h  three i n  the other  con- 
f igura t ion .  

It  w a s  found t h a t  i f  the n electrode w a s  

It was f e l t  t h a t  possibly recombination processes might have 
a f f ec t ed  the observed response. To inves t iga te  t h i s ,  a biased 
g r i d  w a s  placed in f r o n t  of t he  grounded p electrode. Signals 
were observed a t  the  n electrode.  Biases of both p o l a r i t i e s  and 
var ious voltages w e r e  used on the gr id .  The conclusion reached 
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Figure 1 .  Signal amplitude from semiconductor metearite detector 
versus incoming i3al.t icle ve loc i ty  
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w a s  t h a t  a pos i t ive  b ias  on t h e  grid, r e su l t i ng  i n  e lec t ron  ex- 
t r a c t i o n  from the  detector ,  reduced the number of opposite 
po la r i ty  s igna l s  by a s igni f icant  amount. 

Based on the  r e s u l t s  of t h i s  preliminary examination, and 
i n  view of the advantages that  w e r e  pointed out a t  the beginning 
of t h i s  note, it is f e l t  t h a t  these detectors ce r t a in ly  merit a 
more thorough evaluat ion a s  a possible  micrometeorite detector. 
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